serum iron concentration or UIBC value is below detectable limits, TIBC cannot be determined.
Short-Term Variations in Enterolactone in
Enterolactone, a mammalian lignan, is produced by colonic microflora from precursors present in food plants. Because intake of vegetables, fruits, berries, or whole grains is related to the enterolactone concentration in blood (1, 2 ) and excretion in urine (3, 4 ) , enterolactone may function as a biomarker of fiber-rich foods. Important characteristics for a biomarker include convenient, low-risk collection of samples; specific, reliable laboratory measurement; and a high ratio of between-person to total variability [intraclass correlation (ICC)] (5 ). In epidemiologic studies, analytes with a low ICC often show weak associations with any disease (6 ) .
The present study describes the short-term variation in enterolactone in serum, 24-h urine, and spot-urine enterolactone:creatinine ratio and the relationship between enterolactone concentrations in serum, 24-h urine, and spot urine.
The study protocol was approved by the Ethics Committee on Epidemiology and Public Health in the hospital district of Helsinki and Uusimaa. Twenty volunteers (13 females and 7 males) were recruited among university students. Exclusion criteria included age Ͻ18 years, antibacterial treatment during the preceding 3 months, and any major illness or regular medication, except contraceptive pills. The average age of the participants was 22.2 years [95% confidence interval (CI), 21.4 -22.9 years], and the average body mass index was 22.3 (20.9 -23.6) kg/m 2 . Of the female participants, seven took oral contraceptives. The female participant who regularly took an antidepressant reported this only at the end of the study. One participant dropped out because of antibacterial treatment for a urinary tract infection. One spot-urine sample was missing for one female participant, who was thus excluded from that analysis.
The samples were collected on 5 successive days (Monday to Friday) for within-week variation and on the following 3 Mondays for within-month variation. Participants began collecting their urine 24 h before serum and spot-urine samples were collected. No specific timing was demanded for spot-urine collection. The venous samples were drawn after a 4-h fast, starting at 1600 h. The blood samples were collected by venipuncture and centrifuged before separation of the serum. The volumes of the 24-h urine samples were measured before storing. Some participants reported the approximate amount of urine not included in the 24-h collection, and this reported volume was added to the measured urine volume. All samples were stored frozen at Ϫ20°C.
Enterolactone concentrations were analyzed by time-resolved fluoroimmunoassay for plasma and urine (7) (8) (9) . For serum samples, 250 L of serum was hydrolyzed overnight with 250 L of hydrolysis reagent containing ␤-glucuronidase and sulfatase. After hydrolysis, the serum samples were extracted twice with diethyl ether, after which 250 L of assay buffer was added.
[ 3 H]Estradiol glucuronide was used to determine the recovery of the hydrolysis and extraction steps. For urine samples, 50 L of urine was hydrolyzed overnight with 450 L of hydrolysis reagent. After hydrolysis, the urine samples were diluted with the assay buffer. The serum, spot-urine, and 24-h urine samples were each hydrolyzed in one batch.
Enterolactone measurements were performed with the AutoDELFIA 1235 Automatic Immunoassay System (Wallac Oy). For the assay, 20 L of sample, 100 L of assay buffer containing the antiserum, and 100 L of assay buffer with europium-labeled enterolactone derivative were pipetted in duplicate on anti-rabbit microtitration strips. The plates were incubated on a shaker for 90 min, followed by washing and shaking with enhancement solution for 5 min before the fluorescence measurement. The measurement was repeated if the results of the measurements deviated more than both 15% and 1.0 nmol/L. Urine samples were diluted further when the concentrations exceeded 100 nmol/L to reach the linear part of the calibration curve. The between-assay CVs determined from the quality-control samples were 7.8%, 9.8%, and 8.8% (at concentrations of 9.4, 20, and 54 nmol/L) for the serum samples and 4.0% and 5.4% (3970 and 4090 nmol/L) for the urine samples.
Urinary creatinine concentrations were determined by a colorimetric method with a modified Benedict-Behre reaction on a DCA 2000 Analyzer (Bayer).
The statistical analyses were performed by SPSS 10.0 for Windows (SPSS Inc.). All calculations were performed on a logarithmic scale.
Estimates of between-subject ( 2 B ), within-subject ( 2 W ), and analytical ( 2 A ) variances as well as ICCs with 95% CIs were obtained by the SPSS Reliability command using one-way ANOVA. The maximum likelihood estimate was used, assuming equal variances. . Standard deviations () were estimated as square roots of the respective variances, and CVs were calculated by the formula: CV ϭ 100(e Ϫ 1)% (10 ). The number of repeated measurements (in different weeks) needed to estimate the underlying homeostatic set point was calculated to within Ϯ 50% with 80% confidence (11 ) .
Correlations between the logarithms of enterolactone results for serum and urine samples were calculated with one sample from each participant and expressed as Pearson correlation coefficients with 95% CIs (12 ) 
The ranges of the enterolactone measurements for each participant are presented in the Data Supplement that accompanies the online version of this Technical Brief (supplemental file Fig. 1 ; http://www.clinchem.org/ content/vol49/issue1/). The median serum concentration and urinary excretions, the ICCs, and the numbers of samples required to estimate the underlying homeostatic set point are presented in Table 1 . The analytical (CV A ), within-week (CV IW ), within-month (CV IM ), and biological (CV B ) variation for enterolactone measurements was 26%, 67%, 68%, and 582%, respectively, for serum; 5.4%, 67%, 68%, and 725% for 24-h urines; and 4.5%, 108%, 125%, and 1041% in spot urines. The scatter plots comparing the logarithms of enterolactone serum concentration, 24-h urinary excretion, and spot-urine enterolactone:creatinine ratio are presented in Fig. 1 .
Both serum and urine samples can reflect the enterolactone status of the individual, as demonstrated by the linear correlation between enterolactone serum concentration and urinary excretion. The advantages of serum samples include the moderate CV W and a specific immunoassay method (7, 8 ) . The problem with these serum samples was the substantial number of low concentrations; 13% of samples had enterolactone concentrations Ͻ3 nmol/L. Because of the high CV A s for two of the lowest samples (108% and 82%), the overall CV A for serum was quite fairly high (26%). After exclusion of these two samples, the CV A for serum was 7.7%. Enterolactone excretion in 24-h urine demonstrated a low CV A and an ICC comparable to that of serum. The problem with urine samples is that the immunoassay for urine enterolactone gives 30% higher results than those obtained with gas chromatography-mass spectrometry (9 ) . In addition, collecting 24-h urine is more difficult than drawing blood, and it is always questionable whether all urine has been collected.
The spot-urine enterolactone:creatinine ratio demonstrated a lower reliability than did serum and 24-h urine. Limitations in interpreting urine results adjusted to creatinine exist and may explain the wider variation (13 ):
• The amount of creatinine eliminated in healthy adults varies between 0.5 and 3.0 g/day. Factors influencing the elimination rate include age, sex, body mass index, physical activity, and diet • Creatinine excretion shows, in addition to circadian variation, a considerable CV W in 24-h urine
The ICC for enterolactone measurements may vary between populations, but in an American study in which plasma enterolactone concentrations were measured in two samples collected on subsequent days, the correlation coefficient (r ϭ 0.84) (2 ) was comparable to ours. Thus, the short-term reliability of serum enterolactone seems equal in American and Finnish populations. The long-term reliability of serum enterolactone measurements over a 2-year period was lower in one American population (ICC ϭ 0.55) (14 ) . Whether this is true in the Finnish population is unknown. The weakness of the present study was that the participants represented a homogeneous group with similar age and lifestyle. Applying these results to the whole Finnish population should be done with caution.
This study may be the first to examine short-term variation in enterolactone in urine. The long-term reproducibility of the overnight urine enterolactone:creatinine ratio has been studied in a Dutch population (15 ) . The reproducibility of four samples collected with a lag time of 1-4.5 years was even poorer than in the present study, with correlation coefficients varying between 0.27 and 0.58.
Enterolactone measurement had a considerable individual variation (CV I ) even within a period as short as 1 week. The CV I may be explained by errors in sample collection and storage or by changes in factors explaining differences in enterolactone concentrations between individuals: diet, smoking, intestinal transit time, use of antibacterial drugs, and intake of coffee and alcohol (1, 2, 16 ). The present study protocol excluded individuals currently or recently undergoing antibacterial treatment. Because the content of plant lignans in food items is known for only two of the several recognized enterolactone precursors (17 ), we could not test whether fluctuation in plant lignan intake explained the CV I . Alcohol and coffee intake showed no correlation with enterolactone measurements (data not shown).
In conclusion, considerable short-term within-subject variation existed in serum and urine enterolactone measurements. Because estimation of the homeostatic set point within Ϯ 50% with 80% confidence requires three serum or 24-h urine samples, but 10 spot-urine samples, epidemiologic studies should measure enterolactone in several samples rather than only one.
We express our warmest thanks to Jouko Verho for helpful statistical advice and to Adile Samaledtin and Inga Wiik for skillful technical help. This study was supported by a Finnish Cultural Foundation Year 2000 grant and a grant from the Finska Läkarsällskapet (Finnish Swedish Medical Society). Correlations were calculated between single samples (day 1). Enl, enterolactone. The serum enterolactone concentration relative to urinary excretion for one participant (f) deviated from those for the other 15 individuals (P Ͻ0.05) for all samples from this participant.
